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Abstract

In south Khuzestan construction of drainage systems is vital
for amending saline soils and protecting the lands against
salinity stress. However, these systems have some potential
environmental effects and have become a major challenge in
the region in recent years. These environmental effects can be
divided into two categories; short-term effects of primary
leaching and long-term effects. According to the salinity
distribution in  the soil, short-term and long-term
environmental effects are conflicting; so that, less salt is
discharged to the environment in primary leaching and it will
result in high salt discharge to the environment during drainage
operation. Therefore, short and long term environmental
effects are discussed in this study to determine the optimal
parameters for drainage designs. For this purpose, multi-
objective simulated annealing model was used. Also, fair
benefit division model has been used to select final optimal
points among the multi-objective outputs. As a case study to
test the ability of presented model, the data of Salman Farsi
agro-industrial enterprise was used. According to the multi-
objective model results, the optimum installation depth for the
output varied between 1.1 to 2.7 m. This optimum installation
depth was reduced to 1.45 to 2 m using the fair benefits
division model. Optimum installation depth using symmetric
Nash method was approximately 1.5 meters.
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Table 1- Quantitative and qualitative information of
the case study (Salman Farsi agro-industry)
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Parameter Description Unit Value
k Hydraulic cor}ductivity 1
up above the drainage m.day !

Hydraulic conductivity 1

Kaoun under the drainage m.day !

q Drainage coefficient ~ mm.day* 6

S Impermeable layer 6
depth
Preliminary water-table

W depth m 15

H Stabilization depth of 1
water-table

Cup Salinity of irrigation d4s.m-t 25
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- Set Tinitiat, Trinat, A, N
- Create an archive with non-dominated solutions
- Random selection of the archive (Current-pt)
~Ti=T initial
- While Ti> Trinal
-i=1
- While i<n
- Creating a new solution (New-pt) by changing in Current-pt
- Check the status of dominance between New-pt and Current-pt
-i=i+l

o Case 1: if Current-pt and k, (k>0) points of archive dominate New-pt then New-pt is selected as the
Current-pt with a probability of P
1

pP=
1+exp(Adom,, xT;)
(z lj:l Adom, ,,, )*Adom
(k+1)

current, new

Adom,,,=

o Case 2: if New-pt and Current-pt are nondominating to each other

I: if New-pt is dominated by k, (k>1) points in archive then New-pt is selected as the Current-pt with
a probability of P

k
Adom =—(ZizlAd0mi’"ew)

avg k
p= 1

1+exp(Adom,,,XT))

I1: if New-pt is nondominating with all the points in the archive then set the New-pt as the Current-
pt and add it to archive

I11: if New-pt dominates k, (k>1) points of the archive then set the New-pt as the Current-pt and add
it to archive, remove all the k dominated points from the archive

o Case 3: if New-pt dominates Current-pt

I: if New-pt is dominated by k, (k>1) points in archive then set point of the archive which corresponds
to the Adommin as the Current-pt with probability P

Adom,,;, =min {Adom' i=1,2,...,k}

I,new
1

P 1+exp(-Adom,;,)
I1; if New-pt is nondominating with all the archive points then select the New-pt as the Current-pt
I1: if New-pt dominates k points in archive then set the New-pt as the Current-pt and all the k
dominated points from the archive
End While
- Ti=AT
End While

Fig. 4- The proposed multi-objective algorithm pseudo code
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Fig. 6- Pareto optimal frontier; salinity of primary leaching vs. the operational leaching
Syt 2l 05 CE 2l )3 adgl (o gull CAAE 93 )y i e —F JSUd

I, Monotonic Area 4 Kalai-Smorodinsky . ,laelb i

.JJb.)L;c wuLo.;

Sl & el A Gos Sy W (LB T oo gl
sS4 ol yusio 1o ¥ B V/FD I 28lio ppunns caliseo gl 4o,
Wy oo Wb 1055 5 LSy Sl 423 5l Ban g3 ST oS
OidlS S1 g ol o VYO dgis j0 calise gla i) 5l cua
Cdodily &y Cond gyt Coonl J DdacleS 13 (295 ()5
5 e Rl pe V¥D dgds 4 Geal Bes A3l )08
Sy Coenl I et ) Glnly Ban &b ST ronen

e GBI e ¥ 39 d caal Bos ABL )55

S g aoMs -F

e bl oMt 5 35250 (2805 slatilob 4 353055 L
2 g bable gl (b byl due o coenl &
oz b sl 3l b daorocin; Corily e & il 42515
b cwl odd (W Gatod cpl )0 cCanl odd 0 didlyy (iSa;
S gl 398 Gl (Ll o)l aige bl gl (Jse
SeolisS Sl gl wi g Oloj adss j 3L se osesily Sl o

e Bes Ol alely a5 JIs )0 305 o0 odnlie 45" 4565 \lon
aupe flad ol o Vo B0 ) dgy alold e Y/VY LYY
2o )35 0 oY ply e VYl jieS oo Bes ) sdbbl
& cpmitred Cawl 0l ool o /YA glad 4 dg) 5l b Gas
5 SeolisS )3 odlg)l ()9d e wwai oS sbages S]]
olie Gdejlyy )0 sddz, B (698 Bes e  Jb jd
ol i V S5 4 plgie |y g0 cnl IS s (25 LB
SB Sl g58 e A3l a8 cual Bos 2 ) JSO il
SB L yglme 4 dogi b aS Jloyd gud oo dtands adgl o guil )
A el (ool Sl ze el Gl ) ol g9l b
hl > S (93bj jlde 0bj cual Bas > & A2 pp (izxen
Ll 28 Sad (g6 polie aojlyd jd (S 2o o A
oS sl sl weai o slages bl 4 opizen A
P ages cpl & Jypep WS 2)ly Sl 4 ) ol
g oo o jlare 4 b CutSh Oloj g3 cage sl

K8le Yle i s 51 Jeols b5 -Y-Y
odil ] ddiadis (gilwainy Jdo b Ab sdalie &5 465 Hlon
10 0,5 oy 5 1y obj Bee U pS Gos 5l alen 5l muawg aield

Blio pands loJse I ol cand Gos S Ol jolated,
i gl ol s ¥ Jods Cal s salitel 4Y5le

IPAS biwmo ) F 0 )lows oD s Jw 3l o] Of ol Colinios
Volume 13, No. 4, Winter 2018 (IR-WRR)

AIAN



Table 2- Some Pareto optimum results obtained from the two-objective environmental model
ooy 3 4daR9d Jo 31 Jeols 95, dings g lG 51 (g0l Y Jouo

Depth (m) Distance (m) Radius (m)

-1 -1
Cs.Term (@Sm ™) C| Term (@Sm )

1.10 15.35 0.10
1.20 23.00 0.10
1.30 29.52 0.10
1.40 35.14 0.10
1.50 38.92 0.10
1.60 43.10 0.10
1.70 46.61 0.125
1.80 50.19 0.125
1.90 52.86 0.125
2.00 55.60 0.125
2.15 59.10 0.125
2.25 61.42 0.125
2.40 64.31 0.125
2.50 65.98 0.125
2.66 68.54 0.125
2.73 69.56 0.125

70.90 23.68
73.20 22.12
75.62 20°.67
78.03 19.33
79.81 18.38
81.94 17.58
83.75 16.70
85.84 15.72
87.49 14.99
89.27 14.24
91.72 13.26
93.46 12.60
95.78 75.11
97.22 11.24
99.63 10.42
100.67 10.08

Table 3- Final optimum solution among the Pareto optimal solutions
$)b daer Ll Gl 5l (o ld A Pl T Jgse

Method Depth  Distance (m) Radius (m) -1 -1
m) Cq1erm @SM ) C| 1orm (@S.Mm™7)
Symmetric Nash 1.75 48.23 0.13 84.68 16.26
Non-Symmetric Nash 2.00 55.60 0.13 89.27 14.24
W1—2,W2—l
Non-Symmetric Nash 1.45 38.92 0.10 78.77 18.85
W1—1,W2—2
Kalal—S_moroglnsky 1.70 46.61 0.13 83.75 16.70
W1—1,W2—1
Kalal-S_moroglnsky 1.94 53.80 0.13 88.09 14.74
wi=2,Wp=1
Kalal-S_moroEilnsky 147 37.75 0.10 79.29 18.61
wi=1,wp=2
Monotonic Area 1.73 47.57 0.13 84.30 16.44
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